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Abstract 

Introduction. Non-destructive methods are most often used to assess the condition of the metal structure. Dangerous 
stress is determined by the value of the yield strength. This approach has weaknesses. This is, firstly, the probabilistic 
nature of the methodology (the minimum value of the indicator obtained during laboratory tests is entered into the 
regulatory and technical documentation). Secondly, the limitations on the number of samples should be overcome. 
Thirdly, the different duration of operation causes a significant difference in the mechanical characteristics of the metal, 
which to a certain extent complicates the long-term prediction of the condition of the structure. The presented work is 
designed to solve these problems within the framework of the study of new and long-operated facilities in the Rostov 
region. The scientific research objective is to analyze fatigue changes and determine possible degradation of the metal. 
Materials and Methods. The mechanical characteristics of the material under study were reliably described by the 
Weibull distribution law through the shear parameter (the minimum possible value of the characteristic) and the shape 
parameter (magnitude dispersion). For scientific research, the indentation method based on a modified Rockwell 
hardness estimation method was used as part of the work. A conical indenter was embedded in the surface, then the 
reaction of the metal was analyzed. To implement the method, an analog-to-digital converter and a laptop were used. 
For correlation analysis, intermediate characteristics were taken: depth, maximum and minimum velocities, maximum 
and minimum acceleration of cone insertion. A correlation was established with the mechanical characteristics 
determined by standard tensile and hardness tests of the metal. 

Results. Objects with zero and long-term operation were studied. The measurements were carried out in a warehouse, 
production site, stadium, bridge, Palace of Sports and on a power line support. From the group of new and used 
structures, one was selected for a detailed fixation of the values of yield strength. So, before the start of operation, the 
condition of three metal trusses of the warehouse was analyzed. It was established that the lowest value of the yield 
strength here was 240 MPa, the maximum was 345 MPa. On the power transmission line poles, which have been in 
operation for 43 years, the lowest recorded value of the yield strength was 235 MPa, the highest was 384 MPa. For each 
of the six structures, the minimum and average distribution of the metal yield strength values was given, and the 
coefficients of variation of this indicator were given. The recorded values were summarized in the form of a table. The 
average values for all new and used designs were calculated. Graphically presented data illustrate the growth of the 
coefficients of variation of the yield strength with increasing service life. 

Discussion and Conclusion. A comparative analysis of the obtained values of the yield strength of building structures 
of approximately the same strength class suggests that the influence of operating time can both increase and decrease 
the studied indicator. At the same time, long-term operation is a factor that increases the average value of the coefficient 
of variation. To monitor the strength capabilities of the structure, it is advisable to use a non-destructive method, 


selectively monitoring the mechanical characteristics of the elements before and during operation. 
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AnHOoTanHa 

Beedenue. J\na owenku cocTosHua MeTasiuia KOHCTPyKIHMH alle BCerO MpHMeHAIOT Hepa3pyllarouiMe MeTOLBI. 
OnacHoe HalipsKeHHe OnpeyemaeTcaA 10 3HAaYeHMIO Mpeyesa TexyyectTH. Y Takoro MOAXxoa ecTb cyaOble MecTa. JTOo, 
BO-II€pBbIX, BEPOATHOCTHAA MIpHpoOda MeTOAUKU (B HOPMATHBHO-TeXHHYeCKYIO JOKYMeCHTALMI0 BHOCHTCA MAHHMAaJIbHOe 
3HaYeHMe NOKazaTeliA, MOMYYeHHOe pu WaOopaTOpHbIX MCIbITaHHAX). BO-BTOpbIX, CleqyeT IpeosoleTs orpaHuyeHna 
mo unMcTy oOpa3yoB. B-TpeTbux, pa3Had JVJIMTeCbHOCTb 9KCIyaTayuu OOyCIOBIMBaeT 3HAYMTeIbHYIO pa3HUlly 
MeXaHWueCKHX XapaKTepHCTHK MeTasWIa, YTO B HW3BeCTHOM CTeMeHH OCIOKHAeT WONTOcpounoe MporHo3upoBaHue 
cOcTOsHHA KOHCTpyKuMH. IIpegctaBnenHad paOoTa MpH3BaHa PeIMTb ITM 3alqadH B paMKaX MCCIIeOBaHHA HOBbIX 
WM aBHO 9KCIIyaTHpyeMbIx OObeKTOB B PocTosckoi oOsacTu. Lemb Hay4HbIxX H3bICKAHHH — aHasIM3 yCTaJIOCTHBIX 
VW3MeHeHHH U Ope eseHHe BO3MOXKHOL erpayaluu Metaswia. 

Mamepuanei u memodoi. Mexanwueckue xXapakTepHCTHKH UCCIIeqyeMoro MaTepHasia FOCTOBepHO OTIMCbIBaIOTCA 
3aKOHOM paciipeyenenia BeviOyna uepe3 NapaMeTp cyBura (MHHHM@JIbHO BO3MO%KHOe 3HaYeHHe XapaKTepHCTHKH) 
Ww MapamMetp (opMbI (paccenBaHve BeMYMHbI). JIA HaydHbIX U3bICKAaHHi B paMKax paOOTHI 3aelCTBOBaIH MeTOL 
WHJCHTHpOBaHHA, OCHOBAHHBIM Ha BHOM3MeHeEHHOM criocobe oeHKH TBepyocTH no Poxsenmy. Konwueckuit 
WHICHTOp BHepsxeTcA B MOBeEPXHOCTb, 3aTeM aHaIM3MpyeTca peakiMa Metama. J[na peanM3ayuH MeTOya 
BOCIIOJIb30BaIMCb aHaJIOrOBO-LM@poBbIM TpeoOpa3z0BaTesiem H HOyTOyKoM. Ja KOppeIAUHOHHOTO aHaH3a Opa 
TIIPOMe@*KYTOUHbIe = XapakTepHCTHKM: YityOMHa, MaKCHMaJIbHat WM MMHMMAaJIbHad CKOPOCTH, MaKCHMaJIbHoe 
MW MHHMMA@JIBHOe yCKOpeHHe BHEpPeHHA KOHYyca. YcTaHaBJIMBalaCh KOPpelAIMA C MCXAHHYCCKMMH XapaKTepHCTHKaMH, 
OnpeesIeHHbIMH 0 CTAaHJapTHbIM MCIbITAHHAM Ha pacTsMKeHHe U TBEPAOCTb MeTasia. 

Pe3yiemamol ucciedoeanua. Vi3ysanuch OObeKTHI C HyeBOM HM MHOrOsIeTHeH 9KCIUIyaTayMel. 3aMepbl MpoBOAMIN Ha 
ckulaye, IpOu3BOACTBe, CTaquoHe, MocTy, BO J[Bople cnhopTa u Ha Onope JHHUH deKTporepeyay. M3 rpyntibl HOBBIX 
WM OTpaOoTaBLIMX COOpyxKeHHH BbIOpaIM 10 OAHOMY Ald NOApOOHON puKcalun 3HayeHHi MpeyzeuoB Texyyectu. Tak, 
WO Havasla IKCIIyaTalMH WpoaHaMu3upoBasIM COCTOAHHe Tpex MeTaWIMYecKHX (bepM ckafla. YcTaHoBeHo, 4TO 
HavMeHbIle 3HaYeHHe Tpeseta TexyyecTu 3yecb — 240 MIla, mMakcumanbHoe — 345 MIla. Ha onopax smmunu 
3u1IeKTponepeyay, ObIBLIMX B IKcIIyaTauun 43 rofa, caMoe HH3KOe 3aPUKCHpOBaHHoe 3HadeHHe Mpesesa TeKyyecTH — 
235 MIla, camoe Bpicoxoe — 384 MIla. J[na kaxyoro 43 WecTH CoopyxXeHHH MpHBOAUTCA MHHMMaJIbHOe U cpeHee 
pactipeyesreHue 3Ha4YeHHM Mpeyenwa TeKyYecTH MeTala, abl KOSPPHUMCHTEI BapHalMH 9ZTOTO MoKa3zaTesaA. 
3acPuKcupoBaHHble 3HayeHHA OOOOMIeHEI B Bue TaOmMubl. PaccuuTaHbl cpeqHwe MoKa3aTeH MO BCeM HOBbIM 
WM OTpaOoTaBlIMM KOHcTpykuMaMu. Tpaduyeckn mpescTaBsIeHHble JaHHble WJIIOCTpHpyIOT pocT KoopPuLHeHToB 
BapHallHu peyea TeKy4ecTH C YBeIMYeHHeM CpoKa dKCIUIyaTalHn. 

O6cyscdenue u 3aKniovenue. CpaBHMTesbHbIM aHasIM3 MOUyYeHHbIX 3HaveHHi Mpeseswa TeKyYeCTH CTPONTeIIbHbIX 
KOHCTpyKUMi pHOMM3HTeIbHO OJHOTO Klacca MpOYHOCTH MO3BOAeCT MpeAMONOKUNTb, 4YTO BIHAHHeE BpeMeHH 
OKCIUIyaTaljMH MO%KeT KaK YBCJIM4MTb, TaK HW YMeHBINMTb HCCIIeLyeMbI MoKa3atenb. IIpu 9TOM IMTeIbHAaA 
9KcIiIyaTauHa — (akTop, yBeIM4MBaIOWHH cpefHee 3Hay¥eHHe KoodduuMeHta Bapvayun. Jia MOHUTOpHHTa 
IIPOYHOCTHBIX BO3MOXKHOCTel KOHCTPyKUMH WelecooOpa3Ho 3aeHcTBOBaTb Hepa3pylWlaloluii MeTOA, BbIOOpOuHO 


OTCJICHKUBAA MCXAHH4eCKHE XapakTeCpHCTHKH SIICMCHTOB JO HW B Npowecce sKCiiiyaTawuu 
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Koro4ueBbie C10Ba: Hepa3pyllarouiuih KOHTPOJIb, ipewes TeKYAeCTH MeTasiia, MCTaJi1 9KcCIUIyaTHpyeMon KOHCTPyKUHH, 


AerpawawuaA MeTaswuia 


BaarojapHoctn: aBrop BbipaxkaeT rryOoky!o0 Npv3HaTembHOcTh Amexceto Huxonaepuyuy beckorbiibHoMy u AHypero 


AHaTOJIbeBHYy BepemeeHko 3a TIOMOIIb B oOcleqOBaHHu MeTAJIIOKOHCTpyKUMH. 


Ana wuTupopannsa. Bepuesu H.JI. Kosdppununent Bapvaluu mpeyemwa Teky4ecTu MeTaliia HOBbIX HU oToe BpemMa 
SKCIUIYaTHpOBaBIIHXCA CTPOMTeJIbHBIX KOHCTpyKuMi. Bezsonacnocmb mexnozeHHbix u npupodHbix cucmem. 
2023;7(3):44—54. https://doi.org/10.23947/254 1-9 129-2023-7-3-44-54 


Introduction. In diagnostics, restoration, reliability assessment or reconstruction of long-used steel structures, it 
becomes necessary to find out the mechanical characteristics of metal, including its fatigue indicators. For plastic 
materials, which include steel structures, dangerous stress is determined by the yield strength value. As it is known, it 
has a probabilistic nature; its minimum value obtained during laboratory tests of a limited number of samples is entered 
into the regulatory and technical documentation. In most cases, the metal structure condition is assessed using non- 
destructive testing. 

Mechanical characteristics (in particular, yield strength) undergo certain changes while in service [1]. The study 
provides a comparative analysis of the yield strength values of the metal of one strength class in structures before 
operation and after decades in use. The values of the yield strength were obtained during the examination by the non- 
destructive indentation method. 

Many sources describe metal changes during the operation of the structure. At the same time, there is no single point 
of view regarding the direction of such transformations. Much depends on the nature of the material and the duration of 
operation. Thus, in the nuclear power industry, the metal of structures almost does not change over 30-40 years of 
operation [2]. In [3], there is a decrease of almost 40 % in the cyclic strength of steels 20 and 45 after 15 years of 
storage. The authors of [4] emphasize that 40 or more years of operation of the main gas pipeline have almost no effect 
on the mechanical characteristics of steel. At the same time, in [5], a decrease in plasticity is recorded with a constant 
value of the strength limit of the gas pipeline metal after 37 years of operation. In [6], the danger of gas pipeline failures 
during long-term operation due to degradation processes in the metal is indicated. In [7], a decrease in impact strength 
after prolonged operation is described. 

For 17G1C steel, in the first years of operation of the gas pipeline, there is an increase in strength with a decrease in 
ductility. In the period from 20 to 30 years of operation, there is a steady decrease in both strength and ductility [8]. 
Obviously, with significant differences in service life, we can expect a significant difference in the mechanical 
characteristics of the metal, which complicates the long-term prediction of the condition of the structure. The approach 
proposed in this article is designed to overcome this and the limitations mentioned above: the probabilistic nature of the 
indicator and the insufficient number of samples. 

Several objects in the Rostov region with zero and long-term operation were examined. As a result, new data on the 
yield strength of real metal structures were collected and summarized. The objective of the presented scientific work is 
to analyze the changes and to assess the possible degradation of the metal. 

Materials and Methods. Let us try to quantify the changes in the mechanical characteristics of the metal. To do 
this, we consider the same structural elements before and after long-term operation. Such monitoring is periodically 
carried out in relation to the metal of the main pipelines. At the same time, it is even possible to predict the residual 
durability of the material [9, 10]. However, it is difficult to implement such an approach for other metal structures. In 
this case, you can use the information obtained by the method of non-destructive testing of metal. Ensuring the 
correctness of such data assumes that: 

— similar constructions are compared; 

— the controlled elements are made of metal of the same strength class; 

— the sample of processed data is quite representative. 

The authors [11] claim that the strength class of steels for metal structures is determined by certain intervals of yield 
strength, strength and elongation. Hence, it is necessary to compare metals with mechanical characteristics that fit into 
these intervals. For example, for steel of strength class C-285, the yield strength is allowed in the range from 265 MPa 
to 285 MPa, i.e. it is determined with an error of 7.55 %. 

Only non-destructive methods are suitable for the diagnosis of the existing structures. For example, acoustic 


emission is used for: 
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— finding defects in metal [12]; 

— monitoring of the stress state [13]; 

— detection of fatigue crack growth [14] in pressure vessels; 

— determination of the beginning of active metal cracking [15]; 

— control of welded joints [16, 17]. 

At the same time, the issues of the optimal arrangement of devices for determining defects in structures of complex 
shape are solved [18]. 

With the help of electromagnetic control, the specified hardness of the metal is fixed [19]. In addition, methods of 
direct mechanical interaction with metal during indentation are used to assess: 

— the residual stresses in the metal [20]; 

— the initial value of the yield strength [21]. 

Mechanical characteristics are reliably described by the three-parameter Weibull distribution law!: 

F(X) = 1 exp[-((X — ©)/A)*, 
where X — value of the mechanical property; C — shear parameter that determines the minimum possible value of the 
characteristic; B — shape parameter by which it is possible to judge the dispersion of this property. 

It is obvious that as a result of the impact of operational loads, the average, minimum values of the mechanical 
characteristics of the material may change. As a consequence, the standard deviation and the coefficient of variation of 
the values of mechanical characteristics change. 

The indentation method used in the article is based on a modified Rockwell hardness estimation method. The 
conical indenter is shockingly (not statically) embedded into the polished test surface under the conditions: 

~ energy is 0.16 J; 

~ angle at the top is 90 °. 

Then the reaction of the metal is analyzed. 10 sq. cm. of the free area of the metal [22-24] or the welded joint [25] is 
enough for work. To implement the method, an analog-to-digital converter (ADC) and a laptop were used. With the 
help of the ADC, the dependences of the speed change on the time of the introduction of the conical indenter of the 
mechanical part were obtained. Then the signal was programmatically processed in a laptop and the dependencies of the 
indenter movement and acceleration on time were obtained. Then we took the intermediate characteristics obtained 
from the graphs: depth, maximum and minimum speeds, maximum and minimum acceleration of the cone insertion. 
They became the object of correlation analysis. A correlation was established with the mechanical characteristics 
determined by standard tensile and hardness tests of the metal. As a result of studying metals of various strength classes, 
universal correlations of standard mechanical characteristics from intermediate ones were obtained and recorded. Then, 
when metal was indented, its standard mechanical characteristics at the point under study were almost immediately 
displayed on the laptop display. The instrumentation provided the total dispersion caused by the spread of properties in 
the metal and the measurement error. The limit values of the error of one measurement were + 4 %. The ability to 
quickly obtain 10-20 values on a local section of metal eliminated this error. And with the prompt receipt of an 
unlimited number of measurements, a high representativeness of the sample was ensured. Before each examination, the 
device was calibrated: 

— the yield strength was measured on samples with previously known properties obtained during standard tensile 
tests on the IR-200 tensile testing machine; 

— then the adjustment was performed. 

Results. The objective of the study was to obtain a quantitative comparative assessment of the possible degradation 
of metal during long-term operation. For this purpose, the values of the yield strength of steel structures with zero and 
long service life were fixed by the non-destructive indentation method. 

Therefore, new structures were considered: 

— warehouse on Lugovaya Street, 8 in Rostov-on-Don (Table 1); 

— production building on 1|-st Pyatiletki Street, 71 in Bataysk (Fig. 1); 

— columns of the stands of the Torpedo Stadium in Taganrog (Fig. 2). 


' GOST R 50779.27-2017 (IEC 61649.2008). Statistical methods. Weibull distribution. Data analysis. Electronic fund of legal and regulatory 
documents. URL: https://docs.cntd.ru/document/1200146523 (accessed: 19.06.2023). 
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Table 1 
Data from the survey of metal structures of the warehouse at Lugovaya Street, 8 
Yield strength values, MPa 
Truss 12 Truss 15 Truss 18 

240 265 279 298 236 263 277 305 244 270 287 
240 266 280 298 237 263 277 307 244 270 287 
241 266 280 298 237 263 277 307 244 270 288 
241 266 280 299 237 264 277 309 248 271 289 
242 267 281 299 237 264 277 309 249 272 289 
243 267 281 299 237 265 277 312 249 272 289 
243 268 281 300 237 265 278 313 249 273 290 
244 269 282 302 239 266 278 315 249 273 290 
245 269 282 303 239 266 278 317 250 273 291 
247 269 282 303 241 266 278 325 252 273 292 
248 270 283 304 243 266 278 329 252 273 293 
248 270 283 304 243 267 279 332 253 274 294 
250 271 284 306 243 267 280 339 253 274 295 
250 271 284 307 245 267 280 345 254 274 295 
250 271 284 307 246 268 280 351 256 274 296 
251 272 284 307 247 268 281 256 275 297 
251 272 285 308 247 268 281 257 275 297 
251 273 285 309 249 269 282 257 275 298 
251 273 286 309 250 269 282 257 277 299 
253 274 286 309 250 269 283 257 277 299 
253 274 287 312 252 269 284 257 277 299 
254 274 287 313 252 270 284 258 277 300 
254 274 288 313 252 271 284 259 278 300 
254 274 288 313 252 271 285 259 278 300 
255 274 289 314 253 271 285 259 278 301 
255 275 289 314 253 272 285 260 279 301 
256 275 290 315 255 272 286 260 279 306 
256 275 290 315 256 272 286 263 279 311 
257 275 290 316 256 273 287 263 280 312 
258 276 291 317 256 273 287 263 281 313 
258 276 291 317 256 273 287 264 282 315 
258 277 291 318 256 273 288 264 282 316 
258 277 291 319 257 273 289 264 282 317 
258 277 291 320 257 274 289 265 283 318 
258 277 291 320 258 274 289 265 283 318 
259 277 292 320 259 274 290 265 284 320 
260 277 292 327 259 275 290 266 284 324 
260 278 293 339 259 275 291 266 284 324 
260 278 293 343 260 275 293 266 284 326 
261 278 294 343 260 275 295 266 284 326 
261 278 294 346 260 275 295 266 285 331 
262 278 295 347 260 275 297 267 285 333 
262 278 295 350 261 276 297 267 285 340 
262 278 296 352 261 276 300 268 285 345 
264 278 296 353 262 276 301 269 286 345 
264 279 296 353 262 276 302 269 286 

264 279 297 262 276 302 270 286 


Vernezi NL. Variation Coefficient of Metal Yield Strength in New and Long-Used Building Structures 


30 


25 24 


2 2 
20 ‘ ' 12 


15 


= 
i=) 


5 4 


[ 


250 258 261 265 271 276 283 291 303 317 


Fig. 1. Distribution of the metal structures yield strength values of the production building in Bataysk: oTmin = 246 MPa, 
oTcp = 277 MPa, CV = 0.054 


Here and further, the sample minimum ot min, the sample average ot cp and the coefficients of variation of the yield 
strength CV are indicated. Ordinate is a scale of the frequency of values. The numbers above the columns are the 
number of measured values in a specific interval. 
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Fig. 2. Distribution of the metal yield strength values of the columns of the Torpedo Stadium in Taganrog: oTmin = 240 MPa, 
oTcp = 272 MPa, CV = 0.068 


The metal, which had been in operation for several decades, was studied at the following objects: 

— railway bridge at Likhaya station (65 years old, Fig. 3); 

— the roof trusses of the Sports Palace in Rostov-on-Don (39 years old, Fig. 4); 

— braces of load-bearing structures of the power transmission line poles HV line 330 "Novocherkasskaya GRES — 
Yuzhnaya" (43 years, Table 2). 
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Fig. 3. Distribution of the metal structures yield strength values of the bridge at the Likhaya station: 
oTmin = 188, oTcp = 257, CV = 0.127 
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Fig 4. Distribution of the metal trusses yield strength values of the coating of the Sports Palace in Rostov-on-Don: 
oTmin = 238 MPa, oTcp = 263 MPa, CV = 0.11 


Table 2 
Examination results of power transmission line poles HV line 330 
Yield strength values, MPa 
235 244 249 259 275 282 288 357 
236 245 251 261 278 282 291 357 
237 246 255 263 280 282 292 366 
238 246 256 265 280 283 294 380 
239 247 256 269 281 284 295 380 
239 248 259 272 282 286 303 384 


The data in Table 2 were checked for compliance with the three-parameter Weibull distribution law. It was 


necessary to estimate the theoretical, and not the selective minimum value of the yield strength ot min. As a result of the 


calculation, the theoretical value turned out to be less than the selective one by 6 MPa (229). 
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Let us note that the elements of the new structures were not affected by the stress-strain state, and those that were in 
operation for a long time were in a state of: 

— compressed-bendable (upper belts of the coating trusses); 

— stretched-flexed (lower belts of trusses covering); 

— stretched (stretch marks). 

The yield strength values obtained as a result of non-destructive testing are ranked in ascending order for better 
informativeness in Tables 2 and 3. 

The steels of all new metal structures and HV line 330 can be attributed to the strength class C285. The metal of the 
bridge at the Likhaya station has an average yield strength of 8 MPa below the limit specified in [10]. The steel 
structures of the Sports Palace are 11 MPa higher. 


The results of the comparative analysis are shown in Table 3 and Figure 5. 


Table 3 
Research results summary 
Parameters 
Iculati f th fficient of 
. Metal yield strength values, MPa Pee seen errno 
Object variation 
Meaase Minimum in the} Mean oTmin Standard deviation | Average value for 
sample oTmin for objects (MPa) / CV objects 
Warehouse 276 236 23.7 / 0.085 
Production building 277 274 246 239 14.5 /0.054 0.069 
Stadium 272 240 18.5 / 0.068 
Sports Palace 263 256 28.8/0.11 
Electri line H 
ee eeyeryne et 280 | 267 235 226 39.8 /0.142 0.123 
line 330 
Railway bridge 257 188 33,5 /0 ,127 
0.16 
0.142 


0.14 0.197 
0.12 

a 0.085 | 
0.08 0.068 
0.06 0.054 
0.04 
0.02 

0 


Fig. 5. Coefficients of variation of yield strength before and after long-term operation: 1 — stadium, 2 — warehouse, 3 — production 
building, 4 — railway bridge, 5 — electric power line HV line 330, 6 — Sports Palace 


Discussion and Conclusion. Let us compare the average values of the coefficient of variation of new and long-used 
structures. From Table 3 it can be seen that after long-term operation, this indicator will be on average 1.78 times higher 
(0.123 times more than 0.069). The maximum coefficient of variation of the yield strength (0.142) was found on the 
power transmission line poles HV line 330 (43 years of operation). The minimum value of the yield strength (188 MPa) 


is for the metal of the bridge at the Likhaya station, which has been in operation for 65 years. 
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The possible theoretical minimum values of the yield strength decrease relative to the sample values, which can also 
increase the scope of the distribution and, accordingly, the coefficient of variation. 

To monitor the strength capabilities (for example, for the purpose of repair or reconstruction), it is recommended to 
selectively monitor the mechanical characteristics of the metal structure elements by non-destructive method before and 


during operation. 
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Kougbauxm unmepecoe: aBtTop 3a1BiAeT 00 OTCYTCTBHM KOH(JIMKTa HHTepecos. 


Aemop npouwumas u OOOOpul OKOHYAMebHbIU BapUaHM pyKonucu. 


